. 9. The MBA is calculated by removing from the free-air anomaly the gravity effect of the water-crust and crust-mantle boundary topography, assuming a 6-km crustal thickness. The east-west asymmetry of ϳ18 mGal in the MBA across the EPR at ϳ15°55ЈS (7) can be explained by an east-west decrease in the mantle density of ⌬ Ϸ 5 kg/m 3 within the upper 100 km of the mantle. Assuming that the change in density is caused by thermal expansion, an east-west increment in mantle temperature of ⌬T Ϸ 50°C is required, if the mantle density and the coefficient of thermal expansion are m ϭ 3300 kg/m 3 and ␣ ϭ 3
Near the Mantle Electromagnetic and Tomography (MELT) Experiment, seamounts form and off-axis lava flows occur in a zone that extends farther to the west of the East Pacific Rise than to the east, indicating a broad, asymmetric region of melt production. More seamounts, slower subsidence, and less dense mantle on the western flank suggest transport of hotter mantle toward the axis from the west. Variations in axial ridge shape, axial magma chamber continuity, off-axis volcanism, and apparent mantle density indicate that upwelling is probably faster and more melt is produced beneath 17°15ЈS than beneath 15°55ЈS. Recent volcanism occurs above mantle with the lowest seismic velocities.
Using multibeam, swath measurements of bathymetry and sea-floor reflectivity, as well as gravity and magnetic field measurements (1), we can map the distribution of seamounts and recent lava flows, determine the detailed geometry and history of the plate boundary, and deduce where there are variations in crustal thickness or mantle density. In addition to providing the context for the design of the MELT Experiment, these observations yield indications of the pattern of mantle flow and melt production beneath the axis that complement those from the seismological observations. The MELT experiment is centered on a linear, 800-km-long section of the East Pacific Rise (EPR) stretching from the Garrett Transform Fault at ϳ13.5°S to the large overlapping spreading center (OSC) at 20°40ЈS (Fig. 1) . On a finer scale, the plate boundary is disrupted by a series of small, left-stepping, en echelon discontinuities (2, 3) ranging in offset from 1 to ϳ5 km at the OSC at 15°55ЈS (Fig. 2) . As indicated by subtle variations in sea-floor lava composition, there may be a separate magma source or separate episodes of magma supply for each of the segments separated by these minor discontinuities (4) . The morphology of the sea floor shows that the OSC locations have changed with time through episodes of rift propagation (5, 6) . At 17°S, the Pacific (to the west) and Nazca (to the east) Plates are spreading apart at a full rate of 145 mm/year, a fast rate for present-day mid-ocean ridges. Over the past 5 million years, in this area, rapid rift propagation has transferred seafloor from the Pacific to the Nazca Plates, so that the effective sea-floor spreading rate has been on average 10 to 20% faster to the east than to the west (2, 7, 8) . The combined effects of asymmetric spreading and asymmetric absolute plate motion ( Fig. 1) have caused the EPR axis to migrate at about 32 mm/year to the WNW over the hot spot frame of reference in the direction that would tend to keep the spreading center above the regions with the lowest seismic velocities (9, 10) .
The axis of the spreading center is along a 5-to 20-km-wide ridge (Fig. 2 ) that stands 200 to 300 m above the background subsidence of the sea floor. On the basis of the gravity anomalies associated with this feature, it has been suggested that this axial topographic high is isostatically supported by low densities in a narrow conduit filled with partial melt, extending tens of kilometers into the mantle (11) (12) (13) . This partial melt zone would correspond to the narrow mantle upwelling center hypothesized in some dynamic models of the spreading process (14) . However, other models have been suggested for the origin of the axial high that do not require support by buoyant partial melt (15) .
The axial topographic high is shallower and broader at the latitude of the primary ocean-bottom seismometer (OBS) array than anywhere else in the study area, except for a short, shallow section at about 18°30ЈS (Figs. 2 and 3 ). This inflation of the axial ridge is considered to be an indicator of magmatic robustness (16) . If magma delivery to the crust is not uniform along-axis, inflated areas may lie above centers of upwelling and melt production. Another indication of the overall magma supply, as well as the thermal state of the crust and uppermost mantle, is the mantle Bouguer gravity anomaly (MBA) (17) . The dominant feature in the MBA is the increase away from the spreading center that is caused by cooling and contraction of the lithosphere with increasing age (Fig. 2B) . The lowest values occur where the primary OBS array crosses the ridge, indicating that either the crust is slightly thicker there or the crust and mantle have lower densities. Axial MBA values increase to the north of 17°S and to the south of 18°30ЈS, reflecting either denser, colder mantle or a decrease in magma supply, leading to thinner crust (the differences could be explained by crust about 400 m thinner near the 15°55ЈS OSC). Wang and Cochran (12) suggested that, along another section of the EPR, concentrated upwelling or magma was centered at the location of the lowest MBA.
If magma is delivered to a central portion of the ridge axis and then redistributed along-axis at crustal levels, magma chambers could play an important role in the redistribution. In seismic reflection data, a strong event lies about 0.8 to 2.0 km beneath the spreading axis and marks the top of an axial magma chamber (AMC) that is less than 100 m thick and up to 1 km wide (18) (19) (20) . Along this portion of the southern EPR, the AMC reflector is present and nearly continuous (Fig. 3) , except for an ϳ100-km-long section extending from about 40 km north of the 15°55ЈS OSC to the 16°30ЈS OSC (18) . The absence of an AMC is another indication of a less robust or less recent supply of melt to the ridge.
South of about 15.8°S, there are broad isotopic compositional anomalies in basalt samples from the EPR (Fig. 3) , indicating that the normal mantle that generates midocean ridge basalts is contaminated by mantle with a plume or hot spot isotopic signature (21, 22) . The maximum lead, strontium, and neodymium isotopic anomalies are displaced significantly to the south of the maximum helium anomaly (Fig. 3) , which suggests upwelling near the northern end of the anomalies with subsequent man- SCIENCE ⅐ VOL. 280 ⅐ 22 MAY 1998 ⅐ www.sciencemag.org tle flow toward the south (21) . The coincidence of the minimum Rayleigh wave velocities (9) and the lowest off-axis mantle Bouguer anomalies to the west of the axis at about this latitude (Fig. 2B ) may indicate that the heterogeneity is displaced to the Pacific Plate side. From the Wilkes Transform (9°S) to the Easter Microplate (23°S), the Pacific flank subsides at about half the rate of the Nazca flank and of the global average (23) . In the MELT area, this asymmetry is pronounced (Fig. 2A) ; at 1 million years ago (Ma), average Nazca sea floor is about 100 m deeper than Pacific sea floor, and at 4 Ma this difference is nearly 300 m. The free-air anomaly and geoid height have no significant across-axis gradient in this region, which indicates that the seafloor is in isostatic equilibrium and that the difference in subsidence rate stems from a difference in mantle densities and not from the superposition of a dynamically supported topographic gradient on symmetric thermal subsidence. The asymmetry is probably created primarily by asymmetric upper mantle temperatures (23, 24) , possibly generated by hotter mantle in the asthenosphere flowing in from the west from the superswell region (25, 26) of the French Polynesian hot spots (Fig. 1) . However, the isotopic anomalies of lavas erupted at the southern EPR have closer chemical affinity to Nazca hot spots than to the superswell hot spots (27) , indicating that they arise from a localized mantle heterogeneity or upwelling anomaly rather than from direct transport of hot spot material from the plumes to the west.
The asymmetry across the ridge is even more obvious in the MBA map (Fig. 2B) . The asymmetric MBA reflects the isostatically compensated, asymmetric subsidence and is produced by subtracting the effects of asymmetric topography from a symmetric, nearly flat free-air gravity anomaly. In some places, the asymmetry is enhanced by local anomalies associated with seamounts, probably generated by a thickening of the extrusive layer of the crust beneath and adjacent to the seamounts, in addition to the added crustal volume of the seamount edifice itself (28, 29) . The lowest MBA values off-axis at about 16°30ЈS lie in a region with only very small seamounts (Fig. 2) , although there are some fresh off-axis flows nearby (Fig. 1) . It is clear that seamounts and their associated crustal thickening are not responsible for the fundamental asymmetry in mantle densities revealed by the MBA.
Seamount formation and recent lava flows provide another direct indication of melt production and transport to the surface. Although 98 to 99% of the volume of the crust is created within 1 or 2 km of the ridge axis (30, 31) , delivery of some melt off-axis creates seamounts and low-relief lava flows (Fig. 1) . Many seamounts form in a zone 5 to 50 km from the southern EPR axis on either plate, and no seamounts form on the axis itself (31) (Fig. 2A) . There are far more seamounts between 17°and 19°S in the Rano Rahi seamount field than between 15°a nd 17°S, and seamounts are more common on the western than on the eastern flank (Figs. 1 and 2A) . Although most of the recent, off-axis lava flows occur within 60 km of the axis, on the west side, the continued growth in population and volume of seamounts with increasing distance from the axis and the occurrence of highly reflective flows indicate some melt production extending more than 100 km from the axis. In the latitude range with good Rayleigh wave tomographic resolution, the locations of recent off-axis flows correspond fairly well with the region of lowest phase velocity (Fig. 1) , which is expected to define the area of greatest melt in the mantle.
Wilson (11) interpreted the absence of seamounts on the spreading axis and the production of seamounts in a finite-width zone on the flanks as indicating (1) narrow upwelling of the mantle to generate the melt feeding the axis and (2) deep melting of small-volume mantle heterogeneities and subsequent melt ascent outside this main upwelling zone to form the seamounts. In analogy with the model of Davis and Karsten (33) , the motion of the southern EPR toward the west-northwest in the absolute (hot spot) reference frame might lead to the formation of seamounts preferentially to the west of the axis (as is observed) if more easily melting mantle heterogeneities are the ultimate source of the seamount magmatism.
If, on the other hand, the zone of mantle feeding the axis is broad, then the mechanism that focuses melt toward a narrow axial zone of eruption must leak to allow some vertical ascent of melts to form off-axis seamounts (34, 35) . Melts formed close to the axis may be efficiently transported to the spreading center and then redistributed in the axial magma chamber, so that no seamounts form on-axis. Fast mantle upwelling and significant melt production may continue beneath the flanking regions where most seamounts are formed and recent off-axis flows are found (36) . Thickening of the lithosphere with distance from the axis also may make it more difficult for melts to propagate to the surface, thus limiting the extent of off-axis volcanism. To produce the asymmetry in seamount population with broad mantle upwelling requires an asymmetry in some properties of the lithosphere or underlying asthenosphere, such as higher temperatures or more abundant compositional heterogeneities. 
